SUMMARY High basal gastrin levels in pure autonomic failure could result from peripheral vagus nerve involvement, whereas the increased response during hypoglycaemia may reflect adrenergic supersensitivity. A reduced gastrin increment in multiple system atrophy was found following insulin-hypoglycaemia and is consistent with decreased gastrin release secondary to diminished central sympathetic nervous system activation in the absence of peripheral denervation supersensitivity.
autonomic dysfunction are quite similar, central neurological signs such as ataxia, rigidity and bradykinesia distinguish patients who have multiple system atrophy with autonomic failure from those who have isolated or pure autonomic failure (idiopathic orthostatic hypotension). Biochemical and pharmacological assessments of autonomic function also differentiate multiple system atrophy from idiopathic orthostatic hypotension. In both multiple system atrophy and idiopathic orthostatic hypotension, plasma norepinephrine levels fail to increase upon standing; however, the supine norepinephrine level is low only in patients with idiopathic orthostatic hypotension.2 In multiple system atrophy, an otherwise intact peripheral sympathetic nervous system appears not to be appropriately activated whereas in idiopathic orthostatic hypotension this portion of the nervous system seems to be directly involved. This distinction is further supported by investigations of pressor sensitivity3 and neuronal uptake of norepinephrine. 4 Diminished or absent epinephrine"6 and pancreatic polypeptide7 responses to insulin-induced hypoglycaemia indicate that the pandysautonomia may also affect adrenal medullary or parasympathetic function.
Gastrointestinal dysfunction caused by autonomic failure can have serious practical and medical consequences as exemplified by gastroparesis diabeticorum.8 Two major factors that affect digestion in the stomach are motility and acid secretion. 9 The control mechanisms for gastrin release are complex, with stimulatory and inhibitory components. Investigation of gastrin responses in patients with chronic autonomic failure might elucidate the role of the autonomic nervous system in regulating gastrin secretion. Assessment of gastrin responses might also provide some insight into the symptoms related to impaired gastric function in autonomic failure. We therefore examined plasma gastrin and catecholamine responses during insulininduced hypoglycaemia in 13 control subjects, 10 idiopathic orthostatic hypotension and nine multiple system atrophy patients.
Methods
All subjects were admitted to the Clinical Center, National Institutes of Health (NIH) for the study. Thirteen Plasma Catecholamine Analysis A previously described radioenzymatic assay'°-13 was used to determine plasma norepinephrine (NE) and epinephrine (EPI) levels. After removal of proteins, catecholamines were 0-methylated by incubation with catechol-O-methyl transferase and tritiated S-adenosyl methionine.'3 Borate buffer (pH 10) containing unlabelled metanephrine and normetanephrine was added to stop the reaction. The amines were extracted into toluene-iso-amyl alcohol (3:2), then into 0-1 M acetic acid, and the radioactive products were separated by thin layer chromatography.12 After periodate oxidation of the separated 0-methylated compounds Polinsky, Taylor, Weise, Kopin to vanillin, phosphor-containing toluene was added to determine the tritium content by liquid scintillation spectrometry. Known amounts of the catecholamines were used as internal standards to determine the factors for conversion of tritium to quantities of the amines. This assay adequately measures 10 pg catecholamine/ml plasma with an interassay variation of less than 10%.
Gastrin Measurement
Blood was collected in tubes containing acid-citrate-dextrose (05 ml per 4-5 ml of whole blood). The plasma was removed after the samples were centrifuged. All plasma samples were stored at -70°C until the time of assay. Gastrin concentrations were measured by radioimmunoassay according to published methods using Ab 1296.14 This is a carboxylterminal specific antiserum which measures both major forms of circulating gastrin-G17 and G34. 1251-labelled G17 was prepared by the chloramine-T method, purified by ion-exchange chromatography and the peak corresponding to mono-iodinated peptide used. The detection limit of the assay was 0 25 fmol per ml of standard G17-I.
Analysis of Data
The average EPI and NE response in each subject during hypoglycaemia was determined as the area under the curve above the extrapolated baseline divided by the time of the interval (usually between 30 and 60 minutes after insulin). Plasma glucose, basal gastrin levels, the gastrin increment during hypoglycaemia and catecholamine responses were compared among the three groups of subjects by analysis of variance. The relationships between catecholamine and gastrin responses were examined by linear regression. Differences were considered statistically significant with p < 0-05.
Results
Plasma glucose dropped precipitously in normal subjects with a nadir of 208 + 2-9 mg% reached approximately 30 minutes following insulin administration. Similar reductions in glucose to 23-6 + 1-9 and 24-2 + 3 7 mg% were observed in idiopathic orthostatic hypotension and multiple system atrophy patients respectively. The biphasic recovery curve to euglycaemia after the nadir in normal subjects has been previously reported.5 The normal initial rapid phase of glucose elevation was not evident in either patient group. Plasma EPI and NE levels began to increase about 20 minutes after insulin injection in normal subjects; the maximum plasma catecholamine levels were reached within 5 minutes after the nadir of hypoglycaemia. Most patients with either idiopathic orthostatic hypotension or multiple system atrophy had little increase in plasma catecholamines. The mean EPI responses of 185-2 + 55 3 and 221 1 + 92-1 pg/ml in idiopathic orthostatic hypotension and multiple system atrophy respectively were significantly less (p < 0001) than in normal subjects (864-3 + 123
Gastrin responses in patients with adrenergic insufficiency pg/ml). A similar deficiency in NE responses was observed in both patient groups (fig 1) .
Basal gastrin levels in idiopathic orthostatic hypotension patients (125 + 36 3 pg/ml) were significantly greater (p < 0 01) than in normal subjects (27 2 + 1 3 pg/mI) or multiple system atrophy patients (31-3 + 29 pg/mI). Gastrin levels increased in all subjects in response to hypoglycaemia. The increment in plasma gastrin during hypoglycaemia was significantly greater (p < 0-05) in idiopathic orthostatic hypotension (50 2 + 21 6pg/ml) but less (p < 0 01) in multiple system atrophy (5 2 + 1 4pg/ml) compared with 17 7 + 3 4pg/ml observed in normal subjects (fig 2) .
There did not appear to be a significant correlation between the catecholamine responses and the gastrin increments in any group of subjects and basal gastrin levels were not related to plasma EPI or NE concentrations.
Discussion
The results of this study demonstrate Biochemical evidence for abdominal vagal involvement in idiopathic orthostatic hypotension is provided by the essentially absent pancreatic polypeptide responses to insulin-induced hypoglycaemia, since this peptide is felt to be a vagal-cholinergic marker.7 Pancreatic polypeptide responses are reduced but to a somewhat lesser degree in patients with multiple system atrophy. Cardiac vagal tone and function are also impaired in idiopathic orthostatic hypotension and multiple system atrophy;7 however, there is not good justification to assume that cardiac and gastric innervation are necessarily affected in parallel. Since there is no correlation between the acid response to modified sham feeding and the pancreatic polypeptide response, it appears that vagal tone may actually vary from organ to organ even within the abdomen. 20 The peripheral and central localisation of parasympathetic lesions in idiopathic orthostatic hypotension and multiple system atrophy respectively have been inferred from the sympathetic dysfunction which has been intensively studied.' 4 Unfortunately, there has not been a complete pathological examination of an unquestionable case of idiopathic orthostatic hypotension. In contrast, numerous reports confirm multiple sites of central nervous system involvement including parasympathetic centres in multiple system atrophy (for review see reference 21) .
Although insulin-induced hypoglycaemia elicits a substantial rise in plasma gastrin, the mechanism of this response is unclear. Local cholinergic reflexes,22 23 
